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(54) SECONDARY BATTERY AND BATTERY AND EQUIPMENT SYSTEM UTILIZING THE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode in which the amount 

of a conductive agent such as graphite and carbon black is reduced and 

increase battery capacity by increasing energy densi ty by using inorganic 

system binder forming a chain or network structure by connecting inorganic 

~ atoms exce pt carbonT " — 1 

^SOLUTION: This secondary battery has chain couplings or network 

structures containing at least one kind or element among B, N, Al, Si, P, S, 

Se. The chain couplings are a P-N coupling (polyphosphazene), an Si-Si 

coupling (polysilane), a B-N coupling (polyborazene) and a B-B coupling 

(polyborane), etc. In a rectangular lithium secondary battery, a positive 

electrode 2 and a negative electrode 3 are formed by applying a 95:5 

mixture of LiCo02 of a positive active material and polyborane of binder 

and a 95:5 mixture of mass mixture of natural graphite powder, polysilane 

and polyborane, respectively, as organic solvent slurry on a collector and 

drying the mixture. The positive electrode 2 is inserted into a separator 4. 

Non-aqueous electrolyte made of ethylene carbonate, dimethyl carbonate 

and LiBF4 is used. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 



http://wwwl9.ipdl jp6.gojp/PAl/result/detail/main/wAAA.haqhODA410208747PLhtm 10/29/03 



(19>H*H«iW (JP) (12) & !f$ fft & S < A > UDftOTiK&Eft^ 

#M¥10-208747 

(43) ^KH WclO$(1998) 8a7B 



(bulntLJ- 






F I 






nU 1M 


4/tfii 




HO 1M 


4/62 Z 




a ft i r* 
At) 1 ur 


D/U4 


c; n K 
o u o 


A6 1G 


5/04 5 0 5 




HO 1M 


Z/ 1U 




HO 1M 


2/10 












4/02 C 












D 










mx&v&w ol 13 10 










(7i)a«A 


000005108 
















(22) ansa 




¥J&£ 9 5M1997) 1JI29B 






6ftjfe 






















««»BaDt*Jc*«»Pr-tTB 1 ft 


1* * 


































s^B£***jW-bTB 1 ft 


1* ft 




















C72)»W* 














*«»BStTlf***Rr-tTB 1 ft 


1% ft 










5£&ftB&»mB4Sfifttfrt 










(74>fSSA 



















(54) [#9f0#ft] r^^A«rAffi»€«fflL&»iajftt«B>'XxA 



(57) 



[ran r^m^fci^it^x^^s^»$ 




10/29/2003, EAST Version: 1.4.1 



1 

im&2i nmmwyytfB. n, ai, si, 

[ 19*31 3 J *S^A'>f yyt>\ B-B, Si -Si, 
S-S, Se-Se, S-Se, B-C, B-N, B- 
P, B-S i , B-S, Al-N, Al-C, S i - 
N, Si-C. P = N, P-S. S==N^&&«^ 

m^<n^%'j^< t *» i ascosHS^te^frW-tsii 

[19*314] iH^^vWJ^v, *ry^7 
y, xy/}foiyy, #v#7#/w<y, #y#5-te' 
y, ,ifj^*X7iy, ^'J^ofiy, *>J75if 
y, ^';r7^/WN'y, ^yi^ify, tKU^^/wn' 
y, ^U7fv77r^'y. .If'j^^rfrv, rKUf-T 
^;^*e»^^J; 0«K$itfc^< £ *> i mm 

[19*315 3 M^y^ y^fcTOvSfoOT^fc&W 
WO. 2mm J,;UT&4£fc£^fcT4f9*3ll . 

jjBMffi*aeufc;fc*«Fai:-rsi9*3Si. 2, 

ffAUfci9*3ll. - 2,3, 4ifc(i5tie«l<0RiaM 

[i9*3g8 ] iEffivSftWIi. iCoOz, L 

iNiCh. LiNii-xMxOa (fcrtfU M = Co, 
Mn, Al, Cu, Fe, Mg, B,GaT'&D. x = 
0.0 1-0.3 ) T3fcb3*U.N i-*M hSf&M-*y 
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n203 ( LiMnOz, Li2Cu02, LiV30s, L 
iFesCU, VzOs, CU2V2O7, jt^^LiMn 
hMxOs (fcfc'U M = Co, Ni, Fe, Cr, 
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Ostfcfc'U M=Fe, Co, Ni, Cu, Zn) 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a rechargeable battery especially a lithium secondary battery, and 

the system that carried it. 

[0002] 

[Description of the Prior Art] Since an energy density higher than a lead accumulator and a nickel cadmium NIUMU cell is obtained, the 
nonaqueous electrolyte rechargeable battery which makes a lithium secondary battery representation is used for portable electrical 
machinery and apparatus, such as a video camera, a portable telephone, and a notebook sized personal computer, in recent years. The 
carbon material in which occlusion is possible is mentioned in a lithium metal and a lithium ion, and, as for the active material used for the 
negative electrode of a lithium secondary battery, there are transition-metals oxides, such as a cobalt acid lithium and a spinel type 
manganic acid lithium, in an another side positive active material. These cell active materials are being fixed to the charge collector with 
the organic system macromolecule binder. When the binders mainly used are enumerated, there are rubber system binders, such as fluorine 
system binders, such as Teflon and a polyvinyl idene fluoride, and ethylene butadiene rubber, (JP,4-249860,A 3 JP,7-220720,A). These 
binders are insulators in practice, for this reason - high - in order to give conductivity to a positive active material [ **** ], carbonaceous 
electric conduction agents, such as a graphite and carbon black, are added, and the positive electrode is manufactured 
[0003] 

[Problem(s) to be Solved by the Invention] That to which a lithium secondary battery can be equal to prolonged use increasingly with the 
spread of portable electrical machinery and apparatus is demanded, and a cell with a still bigger cell capacity is desired in recent years. 
However, in the present lithium secondary battery, since there is not sufficient electrical conductivity for an organic system macromolecule 
binder, an electric conduction agent unrelated to increase of cell capacity is needed, and it has been an obstacle for making the energy 
density of a cell increase. 

[0004] Furthermore, since the receipt to electronic equipment is easy for a square shape lithium secondary battery, although the needs of a 
square shape cell are large, the technical problem on the manufacture for carrying out the laminating of many electrodes is left behind. In 
order to solve the technical problem, the reduction-ized technology of the electrode laminating number of sheets by thick-film-izing of an 
electrode binder layer is demanded. However, if an electrode is thick-film-ized using an organic system macromolecule binder, the amount 
of the binder used will also increase with the increase in thickness, and the problem on which electrode resistance increases will produce an 
electrode binder layer. This problem also originates in the insulation of an organic system macromolecule binder. 

[0005] Artificers resulted in invention of a conductive inorganic system binder, as a result of inquiring wholeheartedly that the fault of an 
organic system macromolecule binder should be solved. The purpose of this invention reduces the amount of the electric conduction agents 
used, such as a graphite and carbon black, and is to offer the rechargeable battery using the inorganic system binder which enables 
manufacture of an electrode and the group cell using it, and a device system. 
[0006] 

[Means for Solving the Problem] The specific resistance using organic system binders, such as a polyvinylidene fluoride, of the electrode 
for lithium secondary batteries is large, and the value is in the range of 1 - lOOkomegacm. therefore, the case where an organic binder is 
used when the specific resistance of the inorganic binder of this invention was 100 or less komegacm -- low - an electrode [ **** ] can be 
manufactured This invention persons are the inorganic system macromolecules which have B, N, aluminum, Si, P, S, Ti, and Se. The 
electric resistance of the binder which consists of an inorganic system macromolecule which has B-B, Si-Si, S-S, Se-Se, S-Se, B-C, B-N, 
B-P, B-Si, B-S, aluminum-N, aluminum-C , Si-N, Si-C, P=N, P-S, and S=N combination especially is low. Tt discovered that it might 
function as a binder for rechar p eahle han;er ies.J3elow. detail of this invention is given. It is defined as an inorganic system macromolecule 
" Being a macromolecule located in a line by the covalent bond of other atoms other than carbon in the principal chain skeleton which exists 
in the molecule (the edited by Society of Polymer Science, Japan, a macromolecule new-materials handbook, 1988 publication). The 
element which can form the covalent bond of such an inorganic system atom has B, N, aluminum, Si, P, S, Se, etc. For example, glass, such 
as silica gel used for a drying agent or a silicate, and phosphate, is well known as a material with which combination of Si-O and P-O was 
connected in the shape of a mesh. Since these combination is firm, the structure is very stable. However, if an oxygen element exists in the 
principal chain of an inorganic system macromolecule, since oxygen does not have a noniocalized electron, the fault in which resistance of 
an inorganic system macromolecule increases is produced. The specific resistance using organic system binders, such as a polyvinylidene 
fluoride, of the electrode for lithium secondary batteries is large, and the value is in the range of 1 - lOOkomegacm. therefore, the case 
where an organic system binder is used when the specific resistance of the inorganic system binder of this invention was 100 or less 
komegacm -- low -- an electrode [ **** ] can be manufactured 

[0007] Then, artificers found out using for the binder for cells the material which has the covalent bond which stabilized the noniocalized 
electron on the principal chain of an inorganic system macromolecule. As the example, with the material which P=N combination 
connected, the pi electron on P and N atom is stabilized, and the conductivity of a macromolecule increases. For example, there is 
polyorgano phosphazene which has P-N combination, and the low electrical resistance materials of lmScm-1 order exist, it consists of Si^_ _ 
Si-co valent bond whi ch has a conductive electron -- low - there is also an inorganic polymer [ **** ] For example, ORGANO polysilane 
carTbe mentioned. This material has the property which constructs a bridge by optical irradiation. Using this, an electrode active material 
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and ORGANO polysilane are mixed, and it applies to a charge collector, or mixture is poured in to a mold, after dryness, by irradiating 
light to an electrode, Si-Si covalent bond can be made to be newly able to form in the interior of an electrode, and electrode intensity can be 
increased. A polythiazyl has S=N covalent bond and shows the electronic-conduction nature by pi-electron conjugate structure. Otherwise 
B-B combination The poly borane and S-S which it has, and S-Se combination The polychalcogen and B-C combination which it has poly 
which it has -- a bora ~ KARUBAN and B-N combination Poly BORAZEN and B-P combination which it has poly which it has ~ a bora - 
- HOSUFEN and B-S combination poly which it has -- a bora - HOSUFEN and aluminum-N combination Inorganic system 
macromolecules, such as the poly alazan which it has, PORIARA Calvin who has aluminum-C combination, polysilazane which has Si-N 
combination, PORISfflRA Calvin who has Si-C combination, poly HOSUFACHIAN which has P-S combination, and poly 
HOSUFACHIAN which has P-S combination It can use as an inorganic system binder for rechargeable batteries. Or in order to increase the 
copolymer of an inorganic system macromolecule, and conductivity, the inorganic system macromolecule which doped iodide ion and 
univalent or divalent transition-metals ion is also usable. The alkyl group or phenyl group combined with the side chain of the inorganic 
atom of the above-mentioned inorganic system macromolecule has high compatibility with the solvent contained in nonaqueous electrolyte, 
and the above-mentioned inorganic polymer may be unable to be used as it is. In this case, if halogenation processing of the hydrogen of an 
alkyl group or a phenyl group is carried out and lipophilic property is reduced, the dissolution to nonaqueous electrolyte can be suppressed. 
For example, there is a pel alkyl silane which replaced the hydrogen atom of polysilane by the alkyl group. The swelling by the dissolution 
to the electrolytic solution and the organic solvent is suppressed, and what replaced the hydrogen of an alkyl group with the halogen is still 
more desirable as a binder. 

[0008] There are two kinds of methods in manufacture of the electrode using the inorganic system binder of this invention. A primary 
method can produce an e lectrode by dissolving an inorganic system binder in an organic solvent, manufacturing the slurry mixed with th e 
^electrod e active r n alena T, and applying a slurry to up to copper foil or an al uminum foil by the doctor blade method, the dipping method, 
"~et t;. Elee ti ude t h i ckness is 0.5mm, in order to avoid defluxion of an electrode active matcnalTwhen winding an electrode by the 1 shaft 
method or the 2 shaft method and manufacturing cylindrical or a square shape cell. The following is desirable. On the other hand, when 
manufacturing the square shape cell of an electrode laminating method, it becomes possible to use an electrode with a thickness of several 
mm. Thus, in the organic system macromolecule used conventionally and a similar manufacture process, the fault of low conductivity of an 
organic macromolecule is conquerable. As an example of the solvent which dissolves or distributes an inorganic system macromolecule, 
there are non-polar solvents, such as aromatic organic solvents, such as a xylene and toluene. In order to make the dissolution easy, the 
method of heating a slurry can be taken. Or what is necessary is to make polymerization degree of an inorganic system binder small, and 
just to adopt the method of using the inorganic system binder of low molecular weight. When using the inorganic system binder of low 
molecular weight, the macromolecule of molecular weight 1000-50,000 is desirable. As the second electrode production method, the 
inorganic system binder of an electrode active material and this invention is mixed by dry type, arbitrary configurations, such as the shape 
of a tabular and a cylinder, are made to carry out melting of the binder with heat treatment behind the bottom of pressurization molding, 
and there is a means to make a binder and an electrode active material unify. The electrode of high intensity is obtained by this. Current 
collection from an electrode can be performed by sticking the mesh of aluminum or copper to an electrode side by pressure. 
[0009] The positive electrode and negative electrode of the shape of a sheet produced by this invention are wound on both sides of the 
separator which consists of polypropylene or polyethylene between two electrodes. A cell is obturated, after containing this to a cylindrical 
metal vessel and welding either a positive electrode or a negative electrode to cell **** and a battery can bottome. The process of a square 
shape lithium secondary battery has two kinds of methods. The separator which consists a positive electrode and a negative electrode of 
polypropylene or polyethylene between two electrodes after pressurization molding and cutting is inserted, and they are wound in the shape 
of an ellipse by the 2 shaft winding method. Or a laminating is carried out through the separator of the shape of a rectangle which carried 
out pressurization molding, and an electrode group is manufactured. These electrode groups are contained with a square shape cell can, and 
an electrode terminal is welded to a cell lid or a cell can. After pouring in the electrolytic solution inside a cell furthermore, a square shape 
lithium secondary battery is completed by welding a can and a lid. In case a solid electrolyte or a gel electrolyte is used, after inserting the 
solid electrolyte or gel electrolyte processed in the shape of a sheet between a positive electrode and a negative electrode and assembling an 
electrode group, an electrode group is contained to a cell can, an electrode terminal is welded to a cell lid or a cell can, and a cell is 
completed. 

[0010] A positive active material usable to a lithium secondary battery Stratified compounds, such as a cobalt acid lithium (LiCo02) and a 
nickel acid lithium (LiNi02), Or a manganic acid lithium (LiMn2 04, LiMn03, LiMn2 03, LiMn02), Banazin-san ghosts, such as a 
copper-lithium oxide (Li2Cu02) or LiV 308, LiFe 304, V205, and Cu2V207, Or chemical formula LiNil-xMx02 (however, they are 
M=Co, and Mn, aluminum, Cu, Fe, Mg, B and Ga) nickel site substitution type nickel acid lithium expressed with x=0.01-0.3, Or chemical 
formula LiMn2-xMx02 (however, they are M=Co, and nickel, Fe, Cr, Zn and Ta) x=0.01-0.1 or chemical formula Li2Mn3M08 LiMn 204 
which replaced a part of manganese compound acid lithium expressed with however, M=Fe, and (Co, nickel, Cu, Zn) or chemical formula 
Li with alkaline-earth-metal ion, a disulfide compound, Fe2(Mo04) 3, etc. are mentioned. 

[001 1] On the other hand, a lithium and the metal which can be alloyed, for example, aluminum, Sn, Si, In(s), Ga(s), and Mg, these alloys, 
etc. are in a negative-electrode active material. These metals or alloys can also use a lithium and the alloyed material. Furthermore, a 
natural graphite, an artificial graphite, a carbon fiber, a vapor-growth carbon fiber, pitch system carbonaceous material, Carbonaceous 
material, such as a needle coke, a polyacrylonitrile system carbon fiber, and carbon black, Or the amorphous-carbon material which 
compounded the cyclic hydrocarbon of 5 member rings or 6 member rings, or the ring type oxygenated organic compound by the pyrolysis, 
Or the poly acene, poly para-phenylene, the poly aniline, the conductive polymer that consists of a polyacethylene, Or the oxide of 14 
groups containing SnO, Ge02, SnSi03, SnSi 0.5O1.5, SnSi0.7aluminum0.1B0.3P0.2O3.5, SnSi0.5aluminum0.3B0.3P0.5O4. 15, etc., or 15 
group element or an indium oxide, Or the material which composite-ized silicides, such as a zincic-acid ghost, Li3FeN2 or Fe2Si3, FeSi, 
FeSi2, and Mg2Si, or Ag, Sn, aluminum, Pb, Zn, Cd, Au and carbon can be used for a negative-electrode active material. Moreover, this 
invention can be applied besides the above-mentioned cell active material, and may use a lithium metal sheet for a negative electrode. 
[0012] The electrolytes written with LiPF6, LiBF4, LiC104, LiCF3S03, LiCF3C02, LiAsF6 and LiSbF6, and a low-grade aliphatic 
carboxylic-acid lithium or those mixture can be used for the usable electrolyte of a lithium secondary battery. [ the chemical formula ] 
[0013] The solution made to dissolve the lithium salt of the above [ the nonaqueous electrolyte of a lithium secondary battery ] in the 
solvent for nonaqueous electrolyte is used. As an example of the solvent for nonaqueous electrolyte, propylene carbonate, ethylene 
carbonate, butylene carbonate, vinylene carbonate, gamma-butyrolactone, dimethyl carbonate, diethyl carbonate, methylethyl carbonate, 1, 
2-dimethoxy ethane, 2-methy! tetrahydrofuran, a dimethyl sulfoxide, 1, 3-dioxolane, a formamide, a di methyl formamide, a methyl 
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propionate, an ethyl propionate, trialkyl phosphate, trimethoxy methane, a dioxolane, diethylether, a sulfolane, 3-methyl-2-oxazolidinone, a 
tetrahydrofuran, 1, the organic solvent which consists of one or more kinds of solvents among 2-diethoxy ethane, the derivative which 
replaced a part of hydrogen in an organic-solvent molecule to the halogen, or the derivative which replaced a part of hydrogen in an 
organic- solvent molecule to the alkyl group, the alkene machine, the alkyne machine, and the aromatic machine is mentioned. Moreover, 
such mixture can also be used. 

[0014] When using a solid electrolyte, i t is used making the lithium salt described in the top hold to the macromolecule of ethylene oxide, 
e^l^jy ri lf , n fl ll""^ vinyliHpnft a methyl methacrylate, and hexafluoropropyjg ne^_, 

[0015] When using the gel electrolytic solution, it is used in ethyleneoxlde,"acl5Tomtrile, a fluoride vinylidene, a methyl methacrylate, and 
the macromolecule of hexafluoropropylene, making the nonaqueous electrolyte listed in the top hold. 

[0016] Sinc£Jheinoj^anic sy stem binder o f this invention c an reduce the amount of the electric conduction agent used, it can increase the 
amount r o7ele ctrode active matena ls held per ele ctrode, and , as a result, the capacity density ot a cell increases it. Furthermore, since 
"conduc lTvTrymn an inorganic system binder, an active material becomes by the whole electrode that it is easy to be used uniformly7and 
^Hick-til m-ization of an electrode is attained. This decreases the rate for which the charge collector which is a non-generating electricity 
element accounts on a cell, and is effective in decreasing electrode laminating number of sheets and making the manufacturing process of a 
laminating formula square shape cell it not only to increase cell capacity, but simplify by leaps and bounds. Moreover, after manufacturing 
the electrode which processed the positive electrode or the negative electrode in the shape of a pillar, and processed another side i n the 
shape of [ in the air ] a cylindrical shape and covering the lateral portion of a pillar-like electrode with separator, it is possible by inserting a 
pillar-like electrode in the centrum of a cylinder-like electrode to manufacture the rechargeable battery which consisted of 1 set of positive 
electrodes and a negative electrode. Since this cell can cut down non-generating electricity elements, such as a charge collector and 
separator, sharply, it increases cell capacity, and it can simplify a manufacturing process. If the rechargeable battery using the inorganic 
system binder of this invention is used, the group cell of high-energy density can be manufactured. The group cell of this invention A 
personal computer, a large-sized computer, a notebook sized personal computer, a pen input personal computer, a note type word 
processor, a cellular phone, a camera, an electric shaver, a cordless telephone, facsimile, video, a video camera, an electronic notebook, a 
calculator^ an electronic notebook with communication facility, a pocket copy machine, a liquid crystal television, Functions, such as a 
power tool, a cleaner, and a virtual reality By carrying in products, such as the walk auxiliary machine for game machine machine [ which 
it has ], toy, electromotive bicycle, and medical care, the wheelchair for medical care, the portable type bed for medical care, an escalator, 
an elevator, a fork lift truck, a golf khat, an emergency power source, a load conditioner, and a power storage system The long system of a 
time or the big system of power consumption can be offered. 

[0017] The electrode active material with which a cell is filled up can be made to be able to increase, and the capacity of a rechargeable 
battery can be made to increase by using the inorganic binder of this invention. Moreover, since it is possible to thicken an electrode, high- 
capacity-izing of a cell and the simplification like a cell assembler are attained. 
[0018] 

[Embodiments of the Invention] Below, the content of this invention is explained in detail based on an example. However, it writes in 
addition that this invention can be suitably changed in the range which is not limited at all by the following example and does not change 
the main point of this invention. 

[0019] (Example 1) The example of the cylindrical lithium secondary battery of this invention is described. The positive electrode was 
produced by the method described below. LiCo02 as a positive active material Powder and nine kinds of inorganic system macromolecules 
shown in Table 1 as a binder were mixed by the weight ratio 95:5, the xylene was added as an organic solvent, it fully kneaded, and the 
positive-electrode slurry was prepared. Molecular weight of the used inorganic system macromolecule was made into the range of 5000 to 
50,000. The positive-electrode slurry was applied to the aluminum foil front face with a thickness of 20 micrometers by the doctor blade 
method. This positive electrode was dried at 180 degrees C for 2 hours, and the positive electrode was produced. 
[0020] 
[Table 1] 
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[0021] The negative electrode was produced in the following procedures. Same weight mixture lbe of the inorganic binders lb and le was 
mixed with the natural -graphite powder of 5 micrometers of mean particle diameters by the weight ratio 95:5, the xylene was added as an 
organic solvent, it fully kneaded, and the negative-electrode slurry was prepared. The negative-electrode slurry was applied to the copper 
foil front face with a thickness of 20 micrometers by the doctor blade method. This negative electrode was dried at 180 degrees C for 2 
hours, and the positive electrode was produced. 

[0022] The electrolytic solution used for this invention is LiPF6 of one mol/1. to the mixed solvent of ethylene carbonate and diethyl 
carbonate. The melted nonaqueous electrolyte was prepared. 

[0023] A positive electrode, a negative electrode, and nonaqueous electrolyte were used, and the cylindrical cell with a height [ of 65mm ] 
and a diameter of 18mm shown in drawing 1 was assembled. The positive electrode 2 and the negative electrode 3 are contained by the cell 
can 5 in the state where it was rolled round in the shape of a whorl through the fine porosity film 4 made from polyethylene into which the 
nonaqueous electrolyte prepared in the top was infiltrated. The positive electrode 2 was connected with the positive-electrode lead 6, and is 
electrically connected to the cell lid 7. Moreover, a negative electrode 3 is connected with the negative-electrode lead 9, and the negative- 
electrode lead 8 is welded to the base of the cell can 5. The packing 9 made from polypropylene and the cell lid 7 were put on a part for the 
upper neck of the cell can 5, and the cell was sealed in total with metal mold. In order to open cell internal pressure, the rupture valve 10 
made from aluminum foil was attached in the interior of the cell lid 7. With such composition, electrochemical energy is taken out from the 
cell lid 7 and the cell can 5, and the recharge of it has become possible. The cylindrical cell using the inorganic system binders la, lb, 1c, 
Id, le, If, lg, lh,and lj was distinguished from Al, Bl } CI, Dl, El, Fl, Gl, HI, and Jl, respectively. 

[0024] (Example 2) The example of the cylindrical lithium secondary battery using the binder which mixed the inorganic system 
macromolecule of this invention is described. In this example, inorganic system tnacromolecule la, lb and lb, le and la, same weight 
mixture lab (lh, le, and lh), lbe, lah, and leh were used for the binder. A positive electrode is LiCo02 like an example 1. Inorganic 
system binder lab, lbe, lah, and leh were mixed with powder by the weight ratio 95:5, respectively, and it produced by the same method 
as an example 1. The thing of the same specification as an example 1 was used for a negative electrode and the electrolytic solution. Four 
kinds of positive electrodes, the negative electrode, and nonaqueous electrolyte from which an inorganic system binder differs were used, 
and the cylindrical cell with a height [ of 65mm ] and a diameter of 18mm shown in drawing 1 was assembled. The cylindrical cell which 
used inorganic system binder lab, lbe, lah, and leh for the positive electrode was distinguished from AB2, BE2, AH2, and EH2, 
respectively. 

[0025] (Example 1 of comparison) Same LiCo02 as an example 1 It was mixed with natural-graphite powder as powder and an electric 
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conduction agent, the polyvinylidene fluoride was mixed by the weight ratio 85:10:5 as a binder, the 1 -methyl -2 -pyrroli done was added as 
an organic solvent, it fully kneaded, and the positive-electrode slurry was prepared. Since a polyvinylidene fluoride was insulation, in order 
to give conductivity to a positive electrode, the natural graphite of a right conductor needed to be used, and the amount composition of 
LiCoO duplexs in an electrode became small compared with the example 1. The positive electrode was produced using this slurry. Also in 
production of a negative electrode, the polyvinylidene fluoride was mixed with the same natural-graphite powder as an example I by the 
weight ratio 90:10, the l-methyl-2-pyrrolidone was added to the pan, it fully kneaded, and the negative-electrode slurry was prepared. The 
negative electrode was produced using this slurry. The electrolytic solution used for this invention is the same specification as an example 
1. The cylindrical cell 1 of the same configuration as an example 1 was assembled using the positive electrode which used the 
polyvinylidene fluoride for the binder, a negative electrode, and nonaqueous electrolyte. Let the cell produced in the example 1 of 
comparison be a delimiter XI . 

[0026] About 14 kinds of cells Al, Bl, Ct, Dl, El, Fl, Gl, HI, Jl, AB2, BE2, AH2, EH2, and XI produced as mentioned above discharge 
current after carrying out constant-current-constant-potential charge on temperature [ of 25 degrees C ], charge voltage 4.2V, and charging 
current 0.5A, and conditions of charging-time 5 hours 0.2A conditions ~ voltage -- 2.8V up to -- the cell was made to discharge until it fell 
Similarly, the cycle of charge and electric discharge was repeated and life test of a cell was carried out. In Table 2, capacity retention 
[(service capacity of a 100 cycle eye )/( service capacity of 10 cycle eye) xlOO] was displayed on the service capacity of each cell in 10 
cycle eye and a 100 cycle eye, and the row. 
[0027] 
[Table 2] 
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[0028] In the time of 10 cycles, service capacity became large compared with the cell XI by which the polyvinylidene fluoride was used 
for the cells Al, Bl, CI, Dl, El, Fl, G1,H1, Jl, AB2, BE2, AH2, and EH2 using the inorganic system binder of this invention so that 
clearly from Table 2. The service capacity of each cell is LiCo02 with which each cell was filled up. And since it was in agreement with 
the weight ratio of a natural graphite, by using an inorganic binder showed that made the electrode active material with which a cell can be 
filled up increase, and cell capacity increased as a result. When the service capacity and the capacity retention of each cell at the time of 
100 cycles were compared, even if it used the inorganic binder of this invention, the capacity maintenance factor excellent in the cells AB2, 
BE2, AH2, and EH2 which an electrode active material did not deteriorate and used two kinds of inorganic system binders especially was 
shown. Increase of cell capacity was attained by using the inorganic system binder of this invention from the above result. 
[0029] (Example 3) The example about the square shape lithium secondary battery of this invention is explained. LiCo02 as a positive 
active material 13 kinds o f inorganic system macromolecules la, lb, lc, Id, le, If, Ig, lh, and lj, lab, lbe, lah, and leh were mixed with 
powder by the weight ratio 95:5 as a binder, the xylene was added as an organic solvent, it tullv kneaded, and the positive-electr o de slurry 
"was piBpaied. Ihe positive-electrode slurry was applied to the front face of the positive-electrode charge collector which consists of an 
aluminum foil with a thickness of 20 micrometers by the doctor blade method. After 2-hour dryness and the positive-active-material 
application side were cut for this positive electrode in a height of 40mm } and width of face of 30mm at 180 degrees C, and the positive 
electrode was produced. 0.6mm and electrode number of sheets made electrode thickness 12 sheets. 

[0030] The negative electrode was produced in the following procedures. Inorganic system binder lbe used in the example 1 was mixed 
with the natural-graphite powder of 5 micrometers of mean particle diameters by the weight ratio 95:5, the xylene was added as an organic 
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solvent, it fully kneaded, and the negative-electrode slurry was prepared. The negative-electrode slurry was applied to the front face of the 
negative-electrode charge collector which consists of copper foil with a thickness of 20 micrometers by the doctor blade method. After 2- 
hour dryness and the negative-electrode active material application side were cut for this negative electrode in a height of 40mm, and width 
of face of 30mm at 180 degrees C, and the negative electrode was produced. 0.5mm and electrode number of sheets made electrode 
thickness 13 sheets. The electrolytic solution used for this invention is LiBF4 of one mol/1. to the mixed solvent of ethylene carbonate and 
dimethyl carbonate. The melted nonaqueous electrolyte was prepared. 

[0031] The square shape cell with a height of 45mm, a width of face [ of 32mm ] } and a depth of 15mm was produced combining 13 kinds 
of positive electrodes, the negative electrode, and nonaqueous electrolyte which were produced in the top. Drawing 2 is the cross section of 
the produced square shape lithium secondary battery. In order to avoid contact to a negative electrode at the time of an electrode 
laminating, the positive electrode 2 was inserted in the separator 4 made from polyethylene processed in the shape of an envelope. The 
electrode group which carried out the laminating of the negative electrode 3 to this by turns was inserted in the cell can 5. The positive 
electrode 2 was connected with the positive-electrode lead 6, and was connected to the positive-electrode external terminal 1 1 from the 
base of the cell lid 7. Moreover, the negative electrode 3 was connected with the negative-electrode lead 9, and was connected to the 
negative-electrode external terminal 12 from the base of the cell lid 7. After welding a cell lid and a cell can, it carried out vacuum pouring 
in of the nonaqueous electrolyte from the pouring-in mouth 8 of the cell lid 7, and the pouring-in mouth 8 was sealed. In order to open cell 
internal pressure, the rupture valve 10 made from aluminum foil was attached in the cell lid 7. With such composition, electrochemical 
energy is taken out from the positive-electrode external terminal 1 1 and the negative-electrode external terminal 12, and the recharge of it 
has become possible. The cell produced in the example 3 is set to delimiters A3, B3, C3, D3, E3, and F3, G3, and H3, J3, AB3, BE3, AH3 
and EH3. 

[0032] (Example 2 of comparison) Same LiCo02 as the example 1 of comparison It was mixed with natural -graphite powder as powder 
and an electric conduction agent, the poly vinyli dene fluoride was mixed by the weight ratio 85:10:5 as a binder, the l-methyl-2-pyrrolidone 
was added as an organic solvent, it fully kneaded, and the positive-electrode slurry was prepared. The positive electrode was produced by 
the same method as an example 1 using this slurry. The natural-graphite powder and polyvinyl i dene fluoride as an example 1 of production 
of a negative electrode also with the same case were mixed by the weight ratio 90:10, the l-methyl-2-pyrrolidone was added to the pan, it 
fully kneaded, and the negative-electrode slurry was prepared, The negative electrode was produced by the same method as an example 1 
using this slurry. 0.6mm and electrode number of sheets made thickness of a positive electrode 12 sheets. 0.5mm and electrode number of 
sheets made thickness of a negative electrode 13 sheets. The electrolytic solution used for this invention is the same specification as an 
example 1. The square shape cell of the same configuration as an example 3 was assembled using the positive electrode which used the 
polyvinylidene fluoride for the binder, a negative electrode, and nonaqueous electrolyte. Let the cell produced in the example 2 of 
comparison be a delimiter X2. 

[0033] Moreover, the cell X3 which changed the thickness of an electrode into one third was also produced, without changing electrode 
composition of a cell X2. The thickness and the number of sheets of a positive electrode could be 0.2mm and 36 sheets, respectively. The 
thickness and the number of sheets of a negative electrode could be 0.17mm and 37 sheets, respectively. 

[0034] About 14 kinds of cells A3, B3, C3, D3, E3, and F3 produced as mentioned above, G3, and H3, J3, AB3, BE3, AH3, EH3, X2 and 
X3 The cell was made to discharge on condition that discharge current 0.5A, after carrying out constant-current-constant-potential charge 
•on temperature [ of 25 degrees C ], charge voltage 4.2V, and charging current 0.5A, and the conditions of charging-time 6 hours until 
voltage fell to 2.8 V. Similarly, the cycle of charge and electric discharge was repeated and life test of a cell was carried out. In Table 3, 
capacity retention [(service capacity of a 100 cycle eye )/(service capacity of 10 cycle eye) xlOO] was displayed on the service capacity of 
each cell in 10 cycle eye and a 100 cycle eye, and the row. 
[0035] 
[Table 3] 
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[0036] In the time of 10 cycles, the cells A3, B3, C3 } D3, E3, and F3 using the inorganic system binder of this invention, G3, and H3, J3, 
AB3, BE3, AH3 and EH3 had service capacity higher than the cell X2 which used the polyvinylidene fluoride, and especially, it is after 
100 cycle progress and the difference became remarkable so that clearly from Table 3. Moreover, by the cell X3, the almost same service 
capacity as 13 kinds of cells of this invention was obtained. However, the electrode number of sheets of X3 became 3 times as compared 
with the cell of this invention, in order to carry out the laminating of the electrode, about 3 times as many time as this was required, and the 
fault to which production time becomes long was accepted. While decreasing electrode number of sheets and shortening production time by 
using the inorganic system binder of this invention, it turns out that cell capacity also increases. When the capacity retention of,each cell at 
the time of 100 cycles was compared, even if it used the inorganic system binder of this invention, the capacity maintenance factor 
excellent in the cells AB2, BE2, AH2, and EH2 which an electrode active material did not deteriorate and used two kinds of inorganic 
system binders especially was shown. 

[0037] (Example 4) As an example of this invention, the cylindrical lithium secondary battery which consists of the positive electrode and 
negative electrode of a lot was shown in drawing 3 . The positive electrode was produced by the method described below. Inorganic system 
binder lbe was mixed with LiCo02 powder as a positive active material by the weight ratio 90: 10, the xylene was added as an organic 
solvent, it fully kneaded, and the positive-electrode slurry was prepared. It ground at 100 degrees C for 3 hours, the cutter mixer ground 
this slurry after dryness in the atmosphere, and detailed powder was produced, metal mold -- using ~ this positive electrode - a mixture - 
press urizati on molding of the powder was carried out and the outside diameter of 5.5mm and the positive electrode of a cylindrical shape 
with a height of 38mm were produced In the center of a positive electrode, it is 0.3mm in width of face of 3.5mm, a length of 45mm, and 
thickness as a charge collector. The aluminum plate was embedded, one edge was exposed from the positive electrode, and it used as 
positive-electrode lead 6. The electrode which heat-treated this at 180 degrees C was used for the positive electrode 2. The separator 4 
made from polyethylene was twisted around the positive-electrode lateral surface, and from the outside, separator was welded in the shape 
of a spot, and it fixed. 

[0038] The negative electrode was produced in the following procedures. Inorganic system binder lbe was mixed with the natural-graphite 
powder of 5 micrometers of mean particle diameters by the weight ratio 90: 10, the xylene was added as an organic solvent, it fully 
kneaded, and the negative-electrode slurry was prepared. It ground at 100 degrees C for 3 hours, the cutter mixer ground this slurry after 
dryness in the atmosphere, and detailed powder was produced, metal mold - using -- this negative electrode ~ a mixture ~ pressurization 
molding of the powder was carried out and the negative electrode 3 with the outside diameter of 9mm, a thickness [ of 1.7mm ], and a 
height of 38mm of a tube form was produced The electrode which heat-treated this at 180 degrees C was used for the negative electrode 3. 
A copper mesh was twisted around the lateral surface of a negative electrode 3 as a negative-electrode charge collector 13. 
[0039] The negative electrode 3 produced in the top was welded after insertion, the negative-electrode charge collector 13 was welded to 
the cell can 5 on the base of the cell can 5, and in order to insulate the weld zone and positive electrode 2, the electric insulating plate 14 
made from disk-like polypropylene was put on the centrum of a negative electrode 3. separator - a volume -- the price - ****** 2 was 
inserted in a part for the centrum of a negative electrode 3 The positive-electrode lead 6 was connected to the base of the cell lid 5. Next, 
after pouring in to the cell the nonaqueous electrolyte of the same composition used in the example 1 and making it sink in to an electrode 
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group, the cell was sealed for the cell can 5 and the cell lid" 7 in total. Let the cell produced in the example 3 be a delimiter BE4. 
[0040] (Example 3 of comparison) Same LiCo02 as an example 4 It was mixed with natural-graphite powder as powder and an electric 
conduction agent, the polyvinylidene fluoride was mixed by the weight ratio 85:10:5 as a binder, the l-methyt-2-pyrrolidone was added as 
an organic solvent, it fully kneaded, and the positive-electrode slurry was prepared. The pillar-like positive electrode was produced by the 
same method as an example 4 using this slurry. Also in production of a negative electrode, the polyvinylidene fluoride was mixed with the 
same natural-graphite powder as an example 1 by the weight ratio 90:10, the l-methyl-2-pyrrolidone was added to the pan, it fully kneaded, 
and the negative-electrode slurry was prepared. The hollow cylinder-like negative electrode was produced by the same method as an 
example 4 using this slurry. The electrolytic solution used for this invention is the same specification as an example 4. The cylindrical cell 
of the same configuration as an example 4 was assembled using the positive electrode which used the polyvinylidene fluoride for the 
binder, a negative electrode, and nonaqueous electrolyte. Let the cell produced in the example 3 of comparison be a delimiter X4. 
[0041] The cell was made to discharge on condition that discharge current 0.02A about two kinds of cells BE4 and X4 produced in the 
example 4 and the example 3 of comparison, after carrying out constant-current-constant-potential charge on temperature [ of 25 degrees 
C ], charge voltage 4.2V, and charging current 0.05A, and the conditions of charging-ttme 6 hours until voltage fell to 2.8V. Similarly, the 
cycle of charge and electric discharge was repeated and life test of a cell was carried out. In the time of 10 cycles, the service capacity of 1 
cycle eye of the cell BE4 using the inorganic system binder of this invention and the cell X3 using the polyvinylidene fluoride is 270Ah(s) 
and 20Ah, respectively, and it fell to 265Ah(s) and 5Ah by the 100 cycle eye. When capacity retention was compared, by the cell of this 
invention, it became 25% by the cell of the example 3 of comparison 98%. When the inorganic system binder of this invention was used, 
even if it enlarged electrode thickness, it turns out that electric resistance can carry out the charge and discharge of the active material of 
the whole electrode for the positive electrode and negative electrode which added the inorganic system binder for a low reason, and a cell is 
high-capacity-ized as a result. On the other hand, the service capacity of the cell X3 which used the insulating polyvinylidene fluoride for 
the binder is 1/10 or less [ of a cell BE3 ], and the comparison in the time of 100 cycles also became 1/50 of the service capacity of a cell 
BE3. By using the inorganic system binder of this invention from the above result, thick-film-ization of an electrode was attained and high- 
capacity-izing and reinforcement of a cell became possible. 

[0042] (Example 5) It produced eight ******** at a time the cell of the same specification as the cell BE3 manufactured in the example 3. 
The cell pack 15 which connected with 4 serial -2 parallel, and showed eight cells of the same specification to drawing 4 was assembled. 
Outside a cell pack, a size is 58mm in a height of 34mm, width of face of 140mm, and depth. A control panel 17 controls the charge and 
discharge current of each cell 16, and connects it to a device or a battery charger using the positive-electrode external terminal 18, the 
negative- electrode external terminal 19, and the common terminal 20. The cell packs 15 using eight cells BE3 of this invention were 
average electric discharge 14.4V, capacity 3.6Ah, 52 Whs of spark discharge energies, and energy-density 188 Wh/1. 
[0043] It produced eight ******** at a time the cell of the same specification as the cell X3 manufactured in the example 2 of comparison. 
The cell pack which connected with 4 serial -2 parallel, and showed eight cells of the same specification to drawing 4 was assembled. The 
cell packs which consisted of cells X3 which used the polyvinylidene fluoride for the binder were average electric discharge 14.4V, 
capacity 3.2Ah, 46 Whs of spark discharge energies, and energy-density 167 Wh/1. The energy density of a group cell also increased by 
using the rechargeable battery of this invention. 

[0044] Drawing 5 is an example which carried the group cell pack of this invention to the notebook sized personal computer. 
[0045] 21 is the keyboard section and 22 is the liquid crystal display section. By using the inorganic binder of this invention, the energy 
density of the cell pack which consists of lithium secondary batteries can be made to increase, and the available time of electronic 
equipment can be extended about 10% as compared with the case where the cell of the conventional method of the example 2 of 
comparison is used. 

[0046] (Example 6) The example of the large-sized lithium secondary battery of this invention is explained. The positive electrode was 
produced by the method described below. LiCo02 as a positive active material 13 kinds of inorganic system macromolecule lbe(s) were 
mixed with powder by the weight ratio 95:5 as a binder, the xylene was added as an organic solvent, it fully kneaded, and the positive- 
electrode slurry was prepared. The positive-electrode slurry was applied to the front face of the positive-electrode charge collector which 
consists of an aluminum foil with a thickness of 20 micrometers by the doctor blade method. After 2-hour dryness and the positive-active- 
material application side were cut for this positive electrode in a height of 100mm, and width of face of 1 50mm at 1 80 degrees C, and the 
positive electrode was produced. Electrode thickness is 0.6mm. It carried out. 

[0047] The negative electrode was produced in the following procedures. Inorganic system binder lbe used in the example 1 was mixed 
with the natural -graphite powder of 5 micrometers of mean particle diameters by the weight ratio 95:5, the xylene was added as an organic 
solvent, it fully kneaded, and the negative-electrode slurry was prepared. The negative-electrode slurry was applied to the front face of the 
negative-electrode charge collector which consists of copper foil with a thickness of 20 micrometers by the doctor blade method. After 2- 
hour dryness and the negative-electrode active material application side were cut for this negative electrode in a height of 100mm, and 
width of face of 150mm at 180 degrees C, and the negative electrode was produced. Electrode thickness was set to 0.5mm. 
[0048] The electrolytic solution used for this invention is LiBF4 of one mol/I. to the mixed solvent of ethylene carbonate and dimethyl 
carbonate. The melted nonaqueous electrolyte was prepared. 

[0049] Eight square shape lithium secondary batteries with a height of 1 16mm, a width of face [ of 160mm ], and a depth of 45mm were 
produced combining the positive electrode, the negative electrode, and nonaqueous electrolyte which were produced in the top. The total 
capacity of a cell is 56Ah(s), average operating potential 3.6V, and 200 Whs of spark discharge energies. A cell internal structure is as 
having been shown in drawing 2 . In order to avoid contact to a negative electrode at the time of an electrode laminating, the positive 
electrode 2 was inserted in the separator 4 made from polyethylene processed in the shape of an envelope. The electrode group which 
carried out the laminating of the negative electrode 3 to this by turns was inserted in the cell can 5. The positive electrode 2 was connected 
with the positive-electrode lead 6, and was electrically connected to the positive-electrode external terminal 11 from the base of the cell lid 
6. Moreover, the negative electrode 2 was connected with the negative-electrode lead 9, and connected the negative-electrode lead 8 to the 
negative-electrode external terminal 12 electrically from the base of the cell lid 6. After welding the cell lid 7 and the cell can 5, it carried 
out vacuum pouring in of the nonaqueous electrolyte from the pouring-in mouth 8 of the cell lid 7, and the pouring-in mouth 8 was sealed. 
In order to open cell internal pressure, the rupture valve 10 made from aluminum foil was attached in the interior of the cell lid 7. With 
such composition, electrochemical energy is taken out from the positive-electrode external terminal 1 1 and the negative-electrode external 
terminal 12, and the recharge of it has become possible. Let the cell produced in the example 6 be a delimiter BE6. 
[0050] 1 .6kWh which carried out the series connection of the eight cells BE6 manufactured in the example 6 The group cell was 
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manufactured and the group battery module 23 which consists of the 20 group cells was carried to the electric vehicle 24. The composition 
of an electric vehicle was shown in drawing 6 . The fresh air inlet 25 was formed in the front face of an electric vehicle so that the open air 
might usually flow into a bonnet empty-vehicle object at the time of a run. The group battery module 23 was installed in the interior of the 
bonnet of an electric vehicle. When a user operates a control unit 26, a converter 27 is operated and the output from the group battery 
module 25 can be fluctuated. The motor 28 and the wheel 29 were made to drive and it was made to run an electric vehicle using the power 
supplied from a converter 27, 

[0051] (Example 4 of comparison) For comparison, the cell material of the example 2 of comparison was used, and the square shape 
lithium secondary battery X6 of the same size as drawing 6 was produced. The capacity of this cell was set to 180 Whs. The group battery 
module 23 which consists of a group cell which carried out 8 series connections of the eight cells X6 was carried in the electric vehicle. 
[0052] When it was made to run the electric vehicle of an example 6 and the example 4 of comparison, the 1 charge maximum mileage of 
the electric vehicle of an example 6 increased about 10% compared with the example 4 of comparison. 

[0053] (Example 7) Drawing 7 is an example of the wheelchair 31 for medical care which carried the power supply 30 which consists of a 
module of the group cell manufactured in the example 6, or 2-5 group cells. In the wheelchair 31 for medical care, after the user has got on, 
a controller 32 is operated, to it, the mechanical component with which the back reclining sheet 33 and the foothold sheet 34 were equipped 
is operated, and an angle can be adjusted to it. Using this function, when a user gets on and off, the foothold sheet 34 is toppled downward, 
and when a user rests, the back reclining sheet 33 and the foothold sheet 34 are leveled. Moreover, since there is a wheel 29 for movement 
in the wheelchair 31 for medical care, a user is able to operate a controller 32 and to move to the purpose position. As compared with the 
case where the lithium secondary battery of the example 4 of comparison is used for the wheelchair 31 for medical care of this example, the 
available time of 1 charge became long about 10% on the same service condition. 
[0054] 

[Effect of the Invention] The group cell system of this invention only not only in the notebook sized personal computer of examples 5, 6, 
and 7, an electric vehicle, and the wheelchair for medical care Power-saving type electronic equipment, for example, a personal computer, 
a large-sized computer, A notebook sized personal computer, a pen input personal computer, a note type word processor, a pocket copy 
machine, a liquid crystal television, Or large power and a mass power supply A game machine machine with the function of the device 
system to need, for example, a large-sized computer, a power tool, a cleaner, and a virtual reality etc., a toy electromotive bicycle, the walk 
auxiliary machine for medical care, the portable type bed for medical care, an escalator, an elevator, a fork lift truck, a golf khat, The effect 
possible carrying in products, such as an emergency power source, a load conditioner, and a power storage system, and same as the 
example stated on these specifications is acquired. 



[Translation done.] 
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